On the basis of a three-dimensional non stationary model of a convective cloud with detailed description of dynamic, thermodynamic and microphysical processes, numerical experiments were conducted to study the formation of parameters of convective clouds under unstable stratification of the atmosphere. Numerical experiments have been carried out to study the formation of convective processes in the atmosphere. The thermo hydrodynamic parameters in the zone of a thunderstorm cloud are determined, and regions with a vortex motion of air are identified. The main flows feeding the convective cloud in the mature stage are determined. Due to the means of visualization, the areas of formation and growth of precipitation particles are identified. In a three-dimensional form, the interaction of dynamic and thermodynamic processes is analyzed. The interaction of fields is manifested in the form of deformation of fields of thermodynamic parameters under the influence of dynamic processes. Trajectories of air streams around a cloud and the trajectories of drops in a cloud are determined. The results of numerical experiments confirm that dynamic processes significantly influence the formation of fields of thermodynamic parameters in the cloud, which also determine the course of microphysical processes and the nature of the growth of precipitation particles.
INTRODUCTION
The development of physics of convective clouds and cloud seeding at the present stage requires the solution of a number of large and interrelated tasks of fundamental and applied character, which are Open Access Natural Science complex research. Cloud formation and development processes are main of them, as include cloud clusters formation and interaction of clouds with surrounding atmosphere [1] [2] [3] . This is due to the fact that a convective cloud is a highly complex thermodynamic and microphysics system, important features of which are the nonstationarity, three-dimensionality and nonlinearity [3] [4] [5] [6] [7] . Therefore, the solution of problems of physics of convective clouds requires a holistic approach and the use of more effective methods, the most important among which is numerical modeling [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
MATERIALS AND METHODS
The aim of this work is the study on the basis of three-dimensional numerical model of convective clouds the formation of dynamic, thermodynamic and microstructural characteristics, and interaction of physical processes in clouds.
The subject of study is a three-dimensional convective cloud parameters: potential temperature, specific humidity, air flow, turbulence and distribution of drops and ice particles.
In the work briefly described is a three-dimensional non stationary model of convective cloud with detailed account for the thermodynamic, microphysical and electric processes.
The model includes the equations of hydrothermodynamics, microphysics and electrical processes that were used in the works [1] [2] [3] .
Thermodynamic block of model consists of the equations of motion that describe moist convection in the Boussinesq approximation, which takes into account advective and turbulent transport, buoyancy force, friction and pressure gradients:
the equations of thermodynamics
( ) Equations for the distribution functions of droplets and crystals by mass:
( )
-changes of the distribution functions of droplets due to microphysical condensation processes, coagulation of droplets, accretion of droplets and crystals, crushing and freezing of drops, respectively;
functions of crystals due to sublimation, accretion and freezing of droplets; 1 I and 2 I -sources of droplets and crystals.
Initial and boundary conditions for Equations (1)-(4) are as follows: , , , , 0
Microphysical block of the model describes the processes of nucleation, condensation, coagulation of the droplets with the droplets, sublimation, accretion, freezing of drops, sedimentation of cloud particles in a gravity field, the airflow transfer [2] .
The system of equations of model was solved by the method of splitting into physical processes and component splitting. In the first stages of the procedure of splitting the equations of hydrothermodynamics are solved. One common approach to the numerical solution of the dynamics equations Natural Science is based on the solution of an elliptic equation for the pressure. Firstly the system of equations of the wind and turbulent change of fields of airflows was solved. Derived fields are not adapted. To obtain the final values the Poisson equation for the pressure field is solve, we used an iterative method [3] .
Let consider some of the results of studies of dynamic and microstructural parameters of convective clouds under different stratifications of the atmosphere.
The size of the spatial region in the calculations was set 40 × 40 km horizontal and 16 km in the vertical. The grid spacing in the X, Y coordinates was 500 m, along the Z-250 m. The X axis is directed eastward, Y-northward. The cloud was initiated by the set pulse at the earth surface with the overheating ΔT = 1.0˚C. The shape and size of the pulse was varied.
For the analysis of calculation results the software for three-dimensional data visualization was developed, which allows one to see the modeling object, rotate it in the vertical and horizontal plane, to change the form of representation: isosurfaces, isolines, vector field, etc. One can also quickly change the displayed value of the parameter by moving the slider in the program menu.
The first phase of research was aimed at modeling of the development of axisymmetric clouds in a calm atmosphere to analyze the quality of the model and algorithms of calculations. The data showed high accuracy of numerical algorithms developed for the model.
Hereinafter let we consider the results of calculations of dynamic and microstructure parameters of clouds in different stages.
RESULT AND DISCUSSION
The simulation results show that the dynamic, thermodynamic and microphysical parameters in convective clouds exert a mutual influence on each other. Figure 1 shows the airflows in a vertical plane passing through the cloud. Radar reflectivity volume (a value of 10 dBZ) is made translucent for flows analysis inside the cloud. It is noted the presence of the vortex on the windward side of the cloud (on the left in Figure 1 ) and with downwind.
During convective clouds simulations, downward streams of air around the clouds were observed. On the windward side, they can be amplified by an external wind, and on the leeward side they may be weaker due to the hydrodynamic shade in this part of the cloud. Figure 2 shows the results of calculations of airflows in the cloud and around the cloud on which the noticeable downward flows are observed around the cloud.
Numerical experiments based on the upper air balloon sounding showed that the characteristics of the result clouds are sensitive to the vertical profiles of temperature and humidity. Quite powerful clouds were observed upon significant instability of the atmosphere, the tops of which consisted of crystals. When model clouds were compared to actual ones, qualitative and quantitative agreement was noticed.
The lines of airflows that run into the cloud in the maturity stage ( Figure 3) were identified using the The numerical simulation of cloud let us to make space and time analysis of vertical and horizontal velocity of airflows, the turbulent diffusion coefficient, water content, ice content and other parameters on different stages of the cloud. Figure 4 shows some characteristics of the simulated convective cloud with isosurfaces for the large drops (r > 100 µm) and ice particles (r > 100 µm), trajectory of the some droplets in the cloud (3), accompanied by the several contours of radar reflectivity.
CONCLUSION
Three-dimensional non-stationary numerical model of a convective cloud with detailed description of thermodynamic and microphysical processes was developed. Natural Science The special software is developed for 3-dimensional visualization of simulation data. The software includes convenient tools for detailed analysis of the thermodynamic parameters and microstructure of the cloud.
Numerical experiments on research of formation of convective processes in the atmosphere under different stratifications of the atmosphere and the background wind were conducted. Thermodynamic parameters in a zone of thunderstorm clouds were determined in the areas with the vortex motion of the air. The main streams that feed the deep cloud in the mature stage were defined.
By means of visualization tools, regions of the formation and growth of precipitation particles were identified.
The interaction of dynamic and thermodynamic processes was analyzed in 3D. The interaction of the different physical processes is manifested in the form deformation of fields of thermodynamic parameters under the influence of dynamic processes. Cloud simulation furthers to track air flows around the cloud and the trajectories of the droplets in the cloud.
The results of numerical experiments confirm that dynamic processes significantly affect the formation of fields of thermodynamic parameters in the cloud that in turn determine the microphysical processes and the nature of the growth of precipitation particles.
